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Abstract of JP 2000340503 (A) 

PROBLEM TO BE SOLVED: To provide a 
manufacture for a high quality semiconductor film 
which has a large particle size, high in crystalSinity, 
and low in surface roughness. SOLUTION: Energy 
light irradiation for obtaining a polycrystalline silicon 
film is conducted twice, and the first irradiation is 
made in a vacuum having no oxide film removal 
processing of a semiconductor film surface, or is 
made in the atmosphere or in the ambience in which 
any gas is filled up to the exclusion of vacuum. A 
surface processing of a semiconductor film is 
performed prior to the second irradiation, and after 
the oxide film is eliminated, the irradiation is made in 
vacuum. Furthermore, intensity of second energy 
iight irradiation is adjusted so as not to exceed the 
irradiation intensity of the first energy lights. 
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(54) [Title of the Invention] Method for Manufacturing Semiconductor Film, Method for Manufacturing 
Thin Film Transistor. Active Matrix Substrate 
(57) [ABSTRACT] 

[Object] It is an object to provide a method for manufacturing a high-quality semiconductor film which has 
a larger grain size, has high crystallinity, and has less surface roughness. 

[Solving Means] Energy beam Eradiation for obtaining a rx>lyciy stalline silicon film is carried out twice, where 
the first irradiation is carried out in vacuum without treatment for removing an oxide film at the surface of a 
semiconductor film, or carried out in the air or in an atmosphere except vacuum, filled with some gas. 
Before the second irradiation, surface treatment for the semiconductor film is carried out, and after 
removing an oxide film, the second irradiation is carried out in vacuum. Furthermore, the intensity of the 
second energy beam irradiation is adapted not to exceed the irradiation intensity of the first energy beam. 

[Scope of Claims] 

[Claim 1 ] A method for manufacturing a semiconductor film, the method comprising a deposition 

step of forming a semiconductor fdm on substrate, and irradiating the semiconductor film with an energy 
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beam to obtain a crystalline semiconductor film, characterized in that the method comprises the steps of: 
carrying out first energy bean 1 in adii iti< a i for the semiconductor film; subjecting the semiconductor film to 
a surface treatment after the step of carrying out the first energy beam irradiation; and carrying out second 
energy beam irradiation for the semiconductor film after the step of subjecting the semiconductor film to 
the surface treatment. 

[Claim 2] The method for manufacturing a semiconductor film according to claim 1 , characterized 

in that at least one of the first and second energy beams is a laser beam. 

[Claim 3] The method for manufacturing a semiconductor film according to claim 2, characterized 

in that the laser beam is a line beam. 

[Claim 4] The method for manufacturing a semiconductor film according to any one of claims 1 to 

3, characterized in that the first energy beam irradiation is carried out in vacuum. 

[Claim 5] The method for manufacturing a semiconductor film according to any one of claims 1 to 

3, characterized in that the first energy beam irradiation is carried out in the air or in an atmosphere except 
vacuum, filled with a predetermined gas. 

[Cl aim 6] The method for manufacturing a semiconductor film according to any one of claims 1 to 

5, characterized in that the intensity of the first energy beam does not exceed a threshold of an energy 
intensity at which micro crystallization of the semiconductor film occurs. 

[Claim 7] The method for manufacturing a semiconductor film according to any one of claims 1 to 

6, characterized in that it comprises a step of removing an oxide film at a surface of the semiconductor film 
after the step of carrying out the first energy beam irradiation. 

[Claim 8] The method for manufacturing a semiconductor film according to any one of claims 1 to 

7, characterized in that the second energy beam irradiation is carried out in vacuum. 

[Claim 9] The method for manufacturing a semiconductor film according to any one of claims 1 to 

8, characterized in that the intensity of the energy beam in the second energy beam irradiation does not 
exceed the threshold of the energy intensity at which micro crystallization of the semiconductor film occurs, 
and does not exceed die irradiation intensity of the first energy beam. 

[Claim 10] The method for manufacturing a semiconductor film according to any one of claims 1 to 

9, characterized in that the longitudinal direction of the energy beam as the line beam in the second energy 
beam irradiation is rotated by 90 degrees with respect to the longitudinal direction of the line beam in the 
first energy beam irradiation, 

[Claim 11] A method for manufacturing a thin film transistor, characterized in that a thin film 

transistor is formed using a crystalline semiconductor film obtained by the method for manufacturing a 
semiconductor film according to any one of claims 1 to 10. 

[Claim 1 2] An active matrix substrate characterized in that it comprises a thin film transistor 

manufactured by the method for manirfacturing a thin film transistor according to claim 1 1 . 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] The present invention relates to a method for manufacturing a semiconductor film 
in which a semiconductor thin film formed on a substrate surface is irradiated with an energy beam to carry 
out crystallization treatment or treatment for improving the crystallinity, a method for manufacturing a thin 
film transistor (hereinafter, referred to as a TFT) with the use of the semiconductor film, an active matrix 
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substrate with the TFT manufactured according to the method, and an annealing apparatus for use in the 

method for manufacti irii g the n< nikonductor film. 

[0002] 

[Prior Art] For active matrix substrates for use in liquid crystal display devices, TFT manufacture according 
to low-temperature processes has been desired for the purpose of the use of inexpensive general-purpose 
glass substrates as the substrates. In such a cases, for silicon films required for forming channel regions 
etc. of TFTs, amorphous silicon films can be formed by low-temperature processes, while the films have 
the drawbacks of low mobility of TFTs obtained directly from amorphous silicon. 
[0003] Thus, a method (laser annealing) has been considered in which an amorphous silicon film formed 
on a substrate is irradiated with a laser beam (energy beam) for melting crystallization. In such melting 
crystallization with a laser beam, the crystal grain size, crystallinity, and surface roughness of a crystalline 
semiconductor film obtained vary depending on the intensity of the irradiation l aser beam, the mediation 
atmosphere, and the surface condition of the amorphous si licon film. The existence of molecules such as 
oxygen in the process atmosphere or on the surface of the amorphous sil icon film will lead to crystal 
growth with the molecules as nuclei, resulting in increase in grain size, but with many defects. 
Furthermore, significant roughness will be caused on the surface. On the other hand, when laser 
annealing is carried out in vacuum after removing by surface ffeatment an oxide film on the surface of the 
amorphous silicon film, the grain size will be somewhat small, but with high crystallinity and low surface 
roughness. Above all, the treatment condition for making the grain size larger results in relatively high 
TFT characteristics more easily. Therefore, laser annealing is carried out in the air. 
[0004] 

[Problem to be solved by the Invention] However, in the conventional methods for manufacturing a 
semiconductor film, in a case in which the channel portions of the TFTs fail to cover large grain sizes, the 
TFT characteristics will lower, causing variation from TFT to TFT. Furthermore, high surface roughness 
caused will result in problems such as decrease in the withstand voltage of the gate insulating film. 
[0005] In view of these problems, an object of the present invention is to provide a method for 
manufacturing a high-quality semiconductor film, which allows for obtaining large grain sizes and reducing 
the variation by improving the crystallinity, as well as improving the gate threshold voltage by reducing the 
surface roughness, a method for iranufacturing a TFT with the use of the semiconductor film, and an active 
matrix substrate with the TFT manufactured according to the method. 
[0006] 

[Means for Solving the Problem] In order to solve the problems described above, the present invention 
provides a method for manufacturing a semiconductor film, the method comprising a deposition step of 
forming a semiconductor film on substrate, and irradiating the semiconductor film with an energy beam to 
obtain a ciystalline semiconductor film. The method is characterized in that the method comprises the 
steps of: carrying out first energy beam irradiation for the semiconductor film; subjecting the 
semiconductor film to a surface treatment after the step of carrying out the first energy beam irradiation; 
and carrying out second energy beam irradiation for the semiconductor film after the step of subjecting the 
semiconductor film to the surface treatment. 

[0007] In the present invention, the semiconductor film is irradiated with the first energy beam in vacuum, 
or in the air,or in an atmosphere except vacuum, filled with a predetermined gas without treatment for 
removing an oxide film on the surface of the semiconductor film, in such a way that the intensity of the 
energy beam does not exceed the threshold of the energy intensity at which mi cro crystallization of the 
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semiconductor film occurs. Therefore, crystal growth with oxygen molecules or the like as nuclei can 
make the grain sizes of the crystals larger. 

[0008] Subsequently, after carrying out surface treatment for removing an oxide film on the surface of the 
semiconductor film, the semiconductor film is irradiated with the second energy beam in vacuum, in such a 
way that the intensify of the energy beam does not exceed the threshold of the energy intensity at which 
micro crystallization of the semiconductor film occurs, and does not exceed the irradiation intensity of the 
first energy beam. Therefore, improvement of the crystallinity in the grains and reduction in surface 
roughness can be achieved without destroying the large grain size formed by the first irradiation. 
[0009] Furthermore, the longitudinal direction of the energy beam as the line beam in the irradiation of the 
semiconductor film with the second energy beam is rotated by 90 degrees with respect to the longitudinal 
direction of the line beam in the first energy beam irradiation. Therefore, the elimination of the irradiation 
track with line beam further improves the uniformity of the crystallinity. 

[0010] In the present invention, the combination of the two-step energy beam irradiation for crystallization 
with the timing of the surface treatment result in the semiconductor film with the large grain sizes and the 
highly uniform crystallinity. Therefore, when TFTs are manufactured with the use of the thus formed 
semiconductor film, great electrical characteristics can be obtained without variation from TFF to TFT. 
[0011] The method for manufacturing a crystalline semiconductor film according to the present invention is 
preferable for manufacturing TFTs from a crystalline semiconductor film obtained by this method, and the 
TFTs manufactured by the method is preferable for constituting driving circuits and pixel switching 
elements on active matrix substrates tor liquid crystal display devices which require highly efficient 
electrical characteristics in large-sized substrates. 
[0012] 

[Embodiment Modes of the Invention] Prior to describing each embodiment mode of the present invention, 
the basic structure configuration of an active matrix substrate and the basic steps for forming TFTs will be 
described which are common to each mode. 

[0013] [Basic Configuration of Active Matrix Substrate] FIG 1(A) is an illustration diagram schematically 
illustrating the configuration of an active matrix substrate for use in a liquid crystal display device. 
[0014] In the figure, a liquid crystal display device 1 has data lines 3 and san lines 4 formed on an active 
matrix substrate 2, and a pixel electrode is connected via a pixel thin film transistor 1 0 to each of the data 
lines 3 and each of the scan lines 4 to form a pixel region 5 on the matrix. Furthermore, a pixel signal is 
input thereto via the pixel thin film transistor 1 0 to create a liquid crystal capacitance 6 of a liquid crystal 
cell. 

[0015] For the data lines 3, a data driver portion 7 is configured which includes a shift register 71, a level 
shifter 72, video lines 73, and analog switches 74, whereas for the scan lines 4, a scan driver portion 8 is 
configured which includes a shift register 8 1 and a level shifter 82. It is to be noted that a retention 
capacitance 25 may be formed between the pixel region 5 and the scan line 4 in the previous stage. 
[00 1 6] In the data driver portion 7 and the scan driver portion 8, CMOS circuits composed of N-type TFTs 
nl and n2 and P-type TFTs pi and p2, etc. are densely formed, like a two-stage inverter exemplified in FIG, 
1(B). However, the TFT 10 in an active matrix portion 9 and tfre TFTs nl and n2 and the P-type TFTs pi 
and p2 in the data driver portion 7 have the same basic structure, and are fundamentally manufactured in 
the same step. 

[0017] As the active matrix substrate 2, a substrate on which only the active matrix portion 9 is configured, 
a substrate on which the data driver portion 7 is configured along with the active matrix portion 9, a 



4/10 



English Translation of JP2000-340503 



substrate on which the scan driver portion 8 is configured along with the active matrix portion 9, and a 
substrate on which both the data driver portion 7 and the scan driver portion 8 are configured along with the 
active matrix portion 9 can be cited. Even in the case of the built-in driver type active matrix substrate 2, a 
completely built-in driver type with all of the shift register 71, the level shifter 72, the video lines 73, the 
analog switches 74, etc. included in the data driver portion 7 configured on the active matrix substrate 2, 
and a partially built-in driver type with some of Ihem configured on the active matrix substrate 2 can be 
cited. The present invention can be applied to any of these substrates. 

[001 8] FIG. 2 is a plan view illustrating an enlarged portion of the active matrix portion in which the pixel 
regions 5 are formed in the active matrix substrate 2 according to the present embodiment, where FIG. 3(A) 
is a cross-sectional view taken along the line A-A' line in FIG. 2, whereas FIG. 3(B) is a cross-sectional 
view taken along the line B-B' line in FIG. 2. It is to be noted that the TFTs of the data driver portion 7, 
etc. have the basically same structure, and the illustration of the TFTs will be thus omitted. 
[0019] In the figures, the TFT 10 in each pixel region 5 is composed of a source region 1 1 electrically 
connected to the data line 3 via a contact hole 1 7 formed in an interlayer insulating film 1 6, a drain region 
1 1 electrically connected to a pixel electrode 19 via a contact hole 1 8 formed in the interlayer insulating 
film 1 6, a channel region 1 3 located between the drain region 1 2 and the source region 1 1 , and a gate 
electrode 1 5 over the channel region 1 3 with a gate insulating film 14 inteiposed therebetween. This gate 
electrode 1 5 is configured as a part of the scan line 4. Further, a base protective film 21 composed of a 
silicon oxide film is formed on the surface side of a substrate 20. 

[0020] [Basic Configuration of Method for Manufacturing Active Matrix Substrate 2] Basic steps of a 
method for manufacturing TFTs will be described with reference to FIG. 4. FIG. 4 is cross-sectional 
views of steps for a TFT, which correspond to the cross section along the line A-A' in FIG. 2. 
[0021] In this example, a non-alkali glass plate 300 mm on a side is used as a glass substrate to carry out 
each step below (Base Protective Film Fonning Step) In FIG. 4(A), a silicon oxide film 300nm in film 
thickness, which will serve as the base protective film 21, is first formed on the surface of the glass 
substrate 20 by PECVD under the temperature condition of 250 to 400 °C. The silicon oxide film can 
also be formed by APCVD, and in this case, a silicon oxide film is formed with monosilane and oxygen as 
a source gas, with the temperature of the substrate 20 set in the range of 250 °C to 450 °C. 
[0022] (Semiconductor Film Deposition Step) Next, an intrinsic silicon film 30 (semiconductor film) on the 
order of 50 nm is deposited on the surface of the base protective film 21. In this example, a high vacuum 
LPCVD apparatus is used to deposit an amorphous silicon film at a deposition temperature 425 °C while 
flowing disilane as a source gas at 200 SCCM. It is to be noted that PECVD and sputtering may be used 
for the formation of the silicon film 30, and according to these methods, their deposition temperatures can 
be set in the range of room temperature to 350 "C. 

[0023] (Annealing Step through Laser Melting Ciystellization) Subsequently, the amorphous silicon film 
30 is irradiated with a laser beam to modify the amorphous silicon film 30 into polycrystalline silicon. In 
the example, the amorphous silicon film 30 is irradiated with xenon chloride (XeCl) excimer laser 
(wavelength 308 nm). This laser beam with an output of 200 W is formed, through an optical system, 
into a line beam which is 1 50 mm in the longitudinal direction and has a cross section in a trapezoidal 
shape with an upper base of 0.35 nm and a lower base of 0.45 mm. Then, the amorphous silicon film is 
made into a polycrystalline silicon film through melting crystallization, by irradiating the substrate with this 
line beam while overlapping the line beam at a pitch of the beam width of the upper base or less. 
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[0024] In the present invention, the laser irradiation in the annealing step is carried out twice, and surface 
treatment for removal of an oxide film is carried out between the former laser irradiation and the latter laser 
irradiation. A detailed description thereof will be described later in the embodiment mode. 
[0025] (Patterning Step for Silicon Film) Next, as shown in FIG. 4(B), the silicon film 30 poly-crystallized 
in the annealing step is subj ected to patterning with the use of a photolithography technique, into 
island-shaped silicon films 3 1 . 

[0026] (Step of Forming Gate Insulating Film) Next, as shown in FIG. 4(C), a gate oxide film 14 composed 
of a silicon oxide film is formed on the silicon films 31 by PECVD under the temperature condition of 250 
°Cto450°C. 

[0027] (Gate Electrode forming Step) Next, after a tantalum thin film 600 nm in film thickness is formed 
by sputtering on the surface side of the gate oxide film 14, the tantalum thin film is subjected to patterning 
with the use of a photolithography technique to form gate electrodes 15. In this example, when the 
tantalum thin film is formed, the substrate temperature is set to 1 80 °C, and argon gas containing 6.7 % 
nitrogen gas is used as a sputtering gas. The thus formed tantalum thin film has a crystal structure of a 
structure, and a small specific resistance. 

[0028] (Impurity Introduction Step) Next, a bucket non-mass separation type ion implantation apparatus 
(an ion doping apparatus) is used to implant impurity ions into the silicon film 3 1 with the gate electrodes 
1 5 as a mask. In a case in which an N-channel type TFT is to be formed, phosphine diluted with 
hydrogen gas into a concentration of 5% is used as a source gas. As a result, the source region 1 1 and the 
drain region 12 are formed in a self-alignment manner with respect to the gate electrode 1 5. At this time, 
a portion of the silicon film 3 1 into which no impurity ions are implanted wil l serve as a channel region. 
At this time, a region where a P-channel type TFT is to be formed is covered with a resist mask. 
[0029] In an opposite manner, in a case in which an P-channel type TFT is to be formed, diborane diluted 
with hydrogen gas into a concentration of 5% is used as a source gas. In this case, the region in which the 
N-channel type TFT is formed is covered with a resist mask. 

[0030] (Step for Forming Interlayer Insulating Film) Next, as shown in FIG. 4(D), a silicon oxide film 500 
nm in film thickness as an interlayer insulating film 16 is formed by PECVD under the temperature 
condition of 250 °C to 400 °C. The source gas in this case is TEOS and oxygen. 
[003 1] (Activation Step) Next, heat treatment is carried out at 400 °C for one hour under an argon 
atmosphere containing 3% hydrogen to activate the implanted phosphorus ions and modify the interlayer 
insulating film 16. 

[0032] (Wiring Step) Next, contact holes 17 and 1 8 are formed in the interlayer insulating film 1 6. 
Thereafter, as shown in FIG. 3(A), a source electrode (the data line 3) and a drain electrode (the pixel 
electrode 19) are electrically connected to the source region 1 1 and tire drain region 12 through the contact 
holes 17 and 1 8, respecti vely to Conn the TFT 10. 

[0033] It is to be notes that although the manufacturing method described above is an example in which the 
TFT 10 is manufactured as a self-alignment structure, the present invention can be applied in a case in 
which the TFT 1 0 is manufactured to have an LDD structure or an offset gate structure. A description of 
the structure and manufacturing method in this case will be omitted, where a resist mask or sidewalk are 
utilized to form lightly doped drain regions (LDD regions) or offset regions in portions of the source and 
drain regions which stand face to face with the ends of the gate electrode 1 5. 

[0034] [Energy Density During Laser Irradiation and Film Quality] Next, the relationship between the 
energy density (energy intensity) of the laser beam with which the amorphous silicon film 30 is irradiated 
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and the film quality after the laser irradiation in the annealing step described with reference to FIG. 4(A) 
will be described with reference to FIGS. 5 and 6. 

[0035] In any mode of the present invention, an amorphous silicon film is poly-crystallized by laser melting 
crystallization, as will be described later. In this laser melting crystallization, as shown in FIG. 5, with 
increase in energy density E, the silicon film is melted and coagulated to become polycrystalline with Ec 
represented by a symbol "A" and an alternate long and short dash line L 1 or more. In this case, the more 
the energy density E is increased, the more the poly^rystallization proceeds. However, when the energy 
density E exceeds Ea represented by a symbol "□" and a dotted line L2, the silicon film will undergo micro 
crystallization, leading to decrease in mobility. 

[0036] Furthermore, in a case in which the film thickness of the silicon film is small, the silicon firm returns 
to an amorphous silicon film when the energy density E exceeds Eb represented by a symbol "o" and a 
alternate long and two short dashes line L3, even if the energy density E does not exceed Ea. It is to be 
noted that the silicon film will be evaporated and ablated when the energy density E exceeds Ed 
represented by a symbol "A" and a solid line L4. 

[0037] Furthermore, the crystallinity and surface roughness of the silicon film in the case of changing the 
energy density E of pulsed oscillation laser beams are shown in FIG. 6, where a symbol "o", a solid line 
L 1 1 in FIG. 6(A), and a line L 1 3 in FIG. 6(B) show results of carrying out surface treatment for removal of 
an oxide film before laser irradiation, and then carrying out laser irradiation in vacuum, whereas a symbol 

a solid line L12 in FIG. 6(A), and a line L14 in FIG. 6(B) show results of carrying out laser irradiation 
in vacuum without carrying out surface treatment before laser irradiation. Furthermore, carrying out laser 
irradiation in the air or an atmosphere dilled with some gas will provide results equivalent to the latter. 
[003 8 J The vertical ax is of FIG. 6(A) represents the half value width of a Raman peak. Therefore, FIG. 
6(A) shows that the smaller the half value width is, the higher the crystallinity is. Furthermore, the vertical 
axis of FIG. 6(B) represents the intensity of a Raman peak. Therefore, FIG. 6(B) shows that the smaller 
the value of the intensity is, the less the light scattered from the semiconductor film surface is, that is, the 
smaller the surface roughness is. 

[0039] As can be seen from comparison of these results, in the laser melting crystallization, setting the 
highest value of the energy density E to a value fairly close to the upper limit Ea allows the crystallinity to 
be increased, and carrying out laser irradiation in vacuum after carrying out surface treatment for the 
amorphous film results in higher crystallinity. The half value width of the Raman peak soars just after 
slightly exceeding the upper limit Ea, which shows that micro crystallization of the silicon film is caused. 
[0040] On the other hand, the surface roughness reaches its maximum at an energy density slightly lower 
than the upper limit Ea of the energy density E, which is rather significant in particul ar in the case of 
carrying out laser irradiation in vacuum without carrying out surface treatment before the laser irradiation, 
or in the case of carrying out laser irradiation in the air or in an atmosphere filled with some gas. 
[0041] As a condition which determines characteristics of the TFT 10, it is preferable that the silicon film 
3 0 has higher crystallinity. However, the size of crystal grains forming the semiconductor film further has 
a much greater impact. In general, in order to try to make the crystal grains larger, the existence of 
molecules such as oxygen in a process atmosphere or on the surface of the amorphous silicon film easily 
make the grain size larger, because crystal growth is developed with the molecules as nuclei. Therefore, 
in spite of the problems such as the crystallinity and surface roughness described above, crystallization is 
carried out laser without irradiation in the air or carrying out surface treatment for the amorphous film. 
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[0042] However, in such crystallization approaches, differences in the electrical characteristics of the TFT 
1 0 are caused between a case in which iarger crystal grains are located in the channel portion of the TFT 1 0 
and a case in which a group of smaller crystal grains existing to bridge spaces between larger crystal grains 
are located in the channel portion of the TFT 1 0, which will cause variations. As especially described 
above, the crystallinity of a group of small crystal grains obtained in this case is not high, which has a 
significant impact. Furthermore, large surface roughness caused at the surface of the semiconductor film 
will cause a problem of decrease in the withstand voltage of the gate insulating film covering this 
semiconductor film. 

[0043] Thus, the present invention is characterized in that laser irradiation is carried out twice, where crystal 
grains are made larger by carrying out laser irradiation in vacuum or carrying out laser irradiation in the air 
or in an atmosphere filled with some gas, without carrying out surface treatment of the amorphous film 
before the first irradiation. Subsequendy, surface treatment for the polycrystalline silicon film obtained by 
the first irradiation is carried out before the second irradiation, and after removing the oxide film, the second 
laser beam irradiation is earned out in vacuum. The energy beam intensity in this case is an intensity 
which does not exceed the threshold of the energy intensity at which micro crystallization of the 
semiconductor film occurs, and also an intensity which does not exceed the irradiation intensity of the first 
energy beam, thereby without destroying the large crystal grains formed by the first irradiation, allowing for 
improvement in the crystallinity in the grains and reduction in the surface roughness and allowing 
high-quality crystalline semiconductors film to be formed without variation from film to film. 
[0044] [Embodiment 1] The amorphous silicon film 30 deposited with the use of an LPCVD apparatus is 
brought into a laser annealing apparatus without any surface treatment. The atmosphere for the first laser 
irradiation is in vacuum, and the irradiation energy density is the upper limit represented by Ea in FIG. 6. 
This irradiation makes the crystal grains larger. 

[0045] Subsequendy, the polycrystalline silicon film taken out is subjected to etching with a diluted 
hydrofluoric acid solution on the order of 5% for approximately several tens of seconds, as surface 
treatment for removing an oxide film. Immediately following this surface treatment, the silicon film is 
again brought into the laser annealing apparatus, where the second laser irradiation is carried out in a 
vacuum atmosphere. The irradiation energy density is likewise about 1 0 ml/cm 2 lower dian the upper 
limit Ea in FIG. 6, thereby improving the crystallinity as compared with the first irradiation at Ea in the air 
and decreasing the signal intensity from the polycrystalline silicon film to the half or less. 
[0046] FIG. 6 here shows the result of the laser irradiation for Hie amorphous silicon film, and in a narrow 
sense, which are somewhat different in the behavior of the low energy density region from in the case of 
the laser irradiation for the polycrystalline sili con film. However, the energy density developing the upper 
limit Ea and the behavior around the upper limit Ea can be regarded as the same result as that of the laser 
irradiation for the amorphous silicon film. 

[0047] Thus, improvement in the crystallinity in the grains which have sizes made lager, as well as 
improvement in the crystallinity of a group of smaller crystal grains around die lager grains and the 
crystallinity at grain boundaries result in improvement in TFT characteristics themselves and reduce 
. ,i i a 1 on from element o elc cut in the substrate. 

[0048] Furthermore, since the line beam is used as the laser beam for carrying out the irradiation, the 
longitudinal direction of the line beam in the second energy beam irradiation is rotated by 90 degrees with 
respect to the longitudinal direction of the line beam in the first laser irradiation. This allows ununiformity 
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such as a fine energy distribution caused in the line beam to be removed, which is effective for improving 
the uniformity of the crystallinity in the substrate. 

[0049] Characteristics of the TFT 1 0 which are obtained by this method are shown in FIG. 7. The 
characteristics represented by the solid line result from the use of the present invention, from which 
improvement in rising characteristics which seems to arise from improvement in the crystallinity can be 
observed, as compared with characteristics represented by a dashed line for a TFT created from a 
semiconductor film obtained by irradiation only once. 
[0050] 

[Advantageous Effect of the Invention] As described above, for the active matrix substrate according to the 
present invention, carrying out the energy beam irradiation for obtaining a polycrystalline silicon film twice 
before and after the surface treatment makes it possible to make the ciystal grains larger and form a 
high-quality crystalline semiconductor film with higher crystallinity, allowing high mobility TFTs to be 
manufactured uniformly. 

[Brief Description of the Drawi ngs] 

[FIG. 1] (A) is an illustration diagram schematically illustrating an active matrix substrate of a liquid crystal 
display device; and (B) is an illustration diagram of a CMOS circuit used in a driving circuit thereof. 
[FIG. 2] FIG. 2 is a plan view illustrating an enlarged portion of pixel regions on the active matrix substrate 
of the liquid crystal display device. 

[FIG. 3] (A) is a cross-sectional view taken along the line A-A' in FIG. 2, and (B) is a cross-sectional view 
taken along the line B-B' in FIG. 2. 

[FIG. 4] Cross-sectional views of steps for a TFT, for the cross section along the line A-A' shown in FIG. 2 
in an embodiment of the present invention. 

[FIG. 5] An illustration diagram which shows the relationship between the energy density in laser melting 
crystallization and the change caused in the silicon film. 

[FIG. 6] Illustration diagrams which show the relationship between the energy density in laser melting 
crystallization and the crystallinity or the surface roughness. 

[FIG. 7] A graph which shows electrical characteristics of a TFT created with the use of a crystalline 
semiconductor film according to an embodiment of the present invention. 
[Explanation of the Reference Numerals and Signs] 

1 liquid crystal display device 

2 active matrix substrate 

3 data line 

4 scan line 

5 pixel region 

6 liquid crystal capacitance 

9 active matrix portion 

10 TFT 

1 1 source region 

12 drain region 

1 3 channel region 

1 4 gate insulating film 

15 gate electrode 
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16 intc la i.sula n til 1 
17,18 contact holes 

19 pixel electrode 

20 glass substrate 

21 base protective film 
25 retention capacitance 

30 silicon film (silicon film 3 0) 

31 island-shaped silicon film (silicon film 30) 
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